From the Departments of 'Rheumatology, 2Clinical Microbiology, 3Oral Immunology, 4Anatomy, 5Medicine, 6Clinical Microscopy, and It is now over 60 years since the first association between arthritis and rubella was reported,' yet it took another 30 years before the clinical picture of rubella arthritis became delineated.2-12 Rubella arthritis is described in these and subsequent studies as a benign, short-duration, symmetrical polyarthritis affecting predominently the metacarpophalangeal (MCP) and proximal interphalangeal (PIP) joints of the hand, wrists, knees, and ankles. The onset of the arthritis usually coincides with the exanthem or occurs shortly therafter. The arthritis may persist for one day to several weeks, although the arthralgia may continue for several months. Over 90% of cases of rubella arthritis are seen in adult females.
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Rubella virus (RV) has been isolated from the synovial fluid in naturally occurring rubella arthritis on only one occasion.13 This was a case of a 14-month-old infant with rubella from whose throat and synovial fluid the virus was isolated. After the introduction of rubella immunisation with live attenuated virus in the early 1960s arthritis was a commonly reported complication,14 occurring particularly in adult females.1" Live RV has been recovered from the synovial fluid from such cases16 17 as long as 4 months after vaccination, leading to speculation that Accepted for publication 22 December 1981. Correspondence to Dr R. Grahame. the persistent or recurrent synovitis may be the result of replication of the virus within the joint.
In this paper we report detailed investigations on 6 patients aged between 9 and 58 years suffering from a variety of chronic seronegative (IgM rheumatoid factor negative) arthritis in whom RV has been isolated from synovial fluid on one or more occasions. A preliminary report on the virus isolation methodology in relation to 5 of these patients has been published elsewhere.18 A more detailed clinical report of case 3 has also been published previously. '9 Case histories CASE 1 ( Fig. 1) A 20-year-old female catering assistant developed a sore throat and fever in August 1979 with pain and swelling in both her knees and the right wrist. Examination revealed bilateral tense effusions of the knees and synovitis of the right wrist. She was otherwise well and afebrile, without rash or lymphadenopathy. Methyl prednisolone, 40 mg, was injected into each knee after the receipt of negative routine bacteriological cultures of synovial fluid, and the initial response was excellent. The synovitis of the knees and right wrist recurred 3 weeks later and has persisted up to the present time, that is, 2 (Fig. 9) .
Synovial biopsies from cases 1-4 and 6 were placed in physiological saline for transport to the laboratory and snap frozen with Crysostpray (Lamb, London, UK). Sections were cut at 5,um thickness, placed on rubella virus,' were found within many of the aggregated cells (Fig. 11) ; they did not appear to be associated with any specific organelle and their position within the hyaloplasm was variable. Some of the particles appeared to be surrounded by a shell of less electron-dense material beyond which was a further envelope of slightly more electron-dense material, the whole resembling the apparently enveloped virions found free within the cyoplasm of cells inoculated with rubella virus. 20 The possibility that such enveloped particles are secretory vacuoles cannot be entirely ruled out, although the absence of a clearly defined limiting unit membrane suggests that this is unlikely.
Intracellular particles resembling complete rubella virions lay close to the plasma membranes of some cells. Each had an electron-dense core surrounded by an envelope giving a particle with a total diameter of 50-60 nm. Cells containing rubella-like inclusions often showed severe cytopathic changes, being extensively vacuolated and containing distended and damaged mitochondria: the granular endoplasmic Particles resembling rubella virus were not found in the samples obtained from cases 2, 3, or 4, nor were there any signs of cytopathic changes.
Discussion
The unusual feature about the 6 cases of rubella arthritis reported in this paper is that in none of them was the presentation typical of rubella arthritis as reported.'-12 None displayed the characteristic clinical picture of rubella, and none would have been suspected of suffering from rubella had not specific serological and virological methods of investigation been used. Case 1 presented with a short-lived upper respiratory tract infection with fever followed by an oligoarthritis of both knees and the right wrist, which has persisted for 2 years. At no time did she have a rash or enlarged lymph nodes. While under observation she developed an erosion in the left first MTP joint. Case 2 presented with an oligoarthritis which began in the right knee, subsequently involving the left knee, wrists, and MCP and MTP joints. The condition settled in most joints, but she has a recurring synovitis of the right knee. Systemic features such as fever and lymphadenopathy were absent, but a rash (possibly a rubella rash) appeared transiently 4 months after the onset of the arthritis. Case 3 presented with the classical features of the systemic form of juvenile chronic arthritis (Still's disease) with a high fever, sore throat, hepatosplenomegaly, and a rash, considered typical of Still's disease. A transient monoarthritis of the left knee developed 7 weeks after the onset of symptoms, and it was from this joint that virus isolation was obtained. Shortly thereafter he made a complete and rapid recovery, unlike the 5 other (adult) patients.
Case 4 presented with a persistent synovitis of the right knee, from whose synovial fluid RV was ultimately and repeatedly grown. During the course of his illness and while under observation he developed ankylosing spondylitis. Case 5 presented with what appeared to be a progressive erosive seronegative arthritis 5 years after an attack of rubella arthritis. The most surprising finding was a rubella HIT of 1280 and a positive isolation of RV from both knees on separate occasions one year apart. Case 6 presented with an oligoarthritis of left ankle and knee after a sporting injury. Rubella HIT was only 40, yet RV was isolated from the knee fluid on 4 consecutive occasions.
The immunofluorescence results and, in case 1, electron microscopy would support the concept that the synovial tissues were infected with virus. From the pattern of staining observed it would appear that the virus particles and/or viral antigens were predominantly extracellular, but in case 1 intracellular virus-like particles were also detected. The pattern of staining for IgG in all 5 patients in whom biopsies were undertaken and the presence of C3 in 4 and IgM and IgA in 2, could indicate the presence of immune complexes containing the virus or viral antigens. The resistance of the immunoglobulins and C3 to the washing of the section would also suggest that these components were firmly bound, probably to viral antigen, in the tissues. The extracellular or pericellular distribution of the viral antigen might be due to the failure of the phagocytic cells to take up immune complexes due to the blocking of the synovial polymorphonuclear cells' FcIgG and C3b receptors by soluble immune complexes.2' The presence of low synovial fluid levels of C3 (as compared with serum levels) in these patients would also suggest immune complex formation, but the possibility that the alternative pathway was also activated cannot be ruled out. The activation of the complement sequence could thus make an important contribution to both the intensity and the chronicity of the inflammatory process. The cytoplasmic staining with antirubella antiserum of the large synovial fluid mononuclear cells in the cytosmear from case 2 is characteristic of rubella-infected cells and is similar to that previously reported by Ogra et al. 22 These authors also saw extracellular staining as we did.
The diagnostic value of the serum rubella HIT was most evident in case 1, in which a titre of 1280 was initially obtained and in which IgM antibody was detected. Case 3 showed a titre of 320 without IgM, while in cases 2 and 6 the titre was only slightly raised at 80 and 40 respectively, again without IgM. In cases 4 and 5 the highest levels were 5120 and 1280, without IgM. Antibody titres against 12 other common viral pathogens in all cases were, by contrast, negative.
The pathognomonic feature of rubella is the typical maculopapular erythematous exanthem which appears on the face between the sixteenth and eighteenth day after the introduction of the virus into the respiratory tract. The rash spreads to the trunk and to the limbs, persisting for a period of one to 3 days before fading in the same order as it appeared. It is noteworthy that the onset of the rash coincides with the appearance of circulating antiviral antibody, suggesting that its pathogenesis may be on the basis of immune complex formation. On balance we favour the view that the evidence presented in this paper is compatible with the hypothesis that the primary pathogenic agent in the aetiology of chronic arthritis in these cases is RV. Further studies are in hand in an attempt to resolve this question.
